Purdue University

Purdue e-Pubs
Department of Earth, Atmospheric, and
Planetary Sciences Faculty Publications

Department of Earth, Atmospheric, and
Planetary Sciences

8-26-2021

Smallholder Farmers’ Perceptions of Climate Change and
Adaptation Practices for Maize Production in Eastern Ethiopia
Helen Teshome
Kindie Tesfaye
Nigussie Dechassa
Tamado Tana
Matthew Huber

Follow this and additional works at: https://docs.lib.purdue.edu/easpubs
Part of the Agriculture Commons
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries.
Please contact epubs@purdue.edu for additional information.

sustainability
Article

Smallholder Farmers’ Perceptions of Climate Change and
Adaptation Practices for Maize Production in Eastern Ethiopia
Helen Teshome 1, *, Kindie Tesfaye 2 , Nigussie Dechassa 3 , Tamado Tana 4 and Matthew Huber 5
1

2

3

4

5

*



Citation: Teshome, H.; Tesfaye, K.;
Dechassa, N.; Tana, T.; Huber, M.
Smallholder Farmers’ Perceptions of
Climate Change and Adaptation
Practices for Maize Production in
Eastern Ethiopia. Sustainability 2021,
13, 9622. https://doi.org/10.3390/
su13179622
Academic Editors:
Irene Blanco-Gutiérrez and
Rhys Manners
Received: 14 July 2021
Accepted: 20 August 2021
Published: 26 August 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

Africa Center of Excellence for Climate Smart Agriculture and Biodiversity Conservation,
Haramaya University, Dire Dawa P.O. Box 138, Ethiopia
International Maize and Wheat Improvement Center (CIMMYT), Addis Ababa P.O. Box 5689, Ethiopia;
k.tesfayefantaye@cgiar.org
College of Agriculture and Environmental Sciences, School of Plant Science, Haramaya University,
Dire Dawa P.O. Box 138, Ethiopia; nigussiedachassa@gmail.com
Department of Crop Production, Faculty of Agriculture, University of Eswatini, P.O. Luyengo M205, Eswatini;
tamado63@yahoo.com
Department of Earth, Atmospheric, and Planetary Sciences, Purdue University, Lafayette, IN 47907, USA;
huberm@purdue.edu
Correspondence: helenteshome20@yahoo.com

Abstract: Climate change and variability is affecting maize (Zea mays L.) production in eastern
Ethiopia but how farmers perceive the challenge and respond to it is not well documented. A study
was conducted to analyze smallholder maize farmers’ perception of climate change/variability
and identify their adaptation approaches and barriers for adaptation in the eastern highlands of
Ethiopia. Meteorological data were assessed to provide evidence of the perceived change. A
survey was conducted in six major maize-producing kebeles with a total of 364 respondents. A
multi-stage sampling method was employed for selecting the sample units for the study. The data
were analyzed using descriptive statistics and a multinomial logit model. The results indicated
that 78% of the sampled smallholder maize farmers perceived increasing temperatures while 83%
perceived decreasing amounts of rainfall. About 75% of the farmers indicated that they became
aware of climate change and variability from their own experience and perceived deforestation as
the main cause. The farmers perceived that drought, diseases and pests, dwindling soil fertility,
and declining crop yields were the major impacts of climate change that affected maize production.
The farmers’ major adaptation practices include adjusting planting dates, using improved maize
varieties, intercropping, recommended mineral fertilizers, supplementary irrigation, and soil and
water conservation measures. Econometric analysis revealed that low educational level, shortage of
land, large family sizes, age, lack of access to irrigation water, lack of access to credit, and lack of
access to extension services were the most important barriers to climate change adaptation in the area.
It is concluded that farmers cultivating maize in the study area have perceived climate change and
use certain adaptation strategies to counter its negative impacts on maize production. This implies
that policies should be geared towards strengthening farmers’ efforts to adapt to climate change and
alleviate the existing barriers in promoting adaptation strategies for enhancing the productivity of
maize.
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1. Introduction

distributed under the terms and

Climate change affects agriculture and food production through changing agroecological conditions [1]. Sub-Saharan Africa is the most vulnerable region to the impact
of climate change and variability due to rainfall-dependent agriculture as well as weak
adaptive capacity [2]. Therefore, there is a need to adopt adaptation strategies appropriate
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for the current and projected climate change [3]. Maize is a staple crop in Ethiopia and is
indispensable for the livelihoods of nine million smallholder farmers in the country [4].
Despite the importance of the crop for national food security and as a source of income, the
national average yield is 3.6 ton ha−1 which is low compared to the world average of 5.6
ton ha−1 [5]. The low national average yield of the crop is attributed to biotic and abiotic
stresses, poor management and low use of inputs [6,7]. Among abiotic stresses, climate
change in terms of increasing temperature, decreasing rainfall, and variability were found
to have a great impact on maize production [8].
Farmers’ perception of climate change and variability is a primary step required to
take adaptation measures [9]. However, education, years spent on farming, access to
extension services, and the location of farming significantly influence farmers’ perception
of climate change [10]. Adaptation strategies commonly used by smallholder farmers
include planting different crop varieties, incorporating crop residues into the soil, soil and
water conservation practices, changing dates of planting, and irrigation [11,12]. However,
socio-economic and institutional factors affect climate change adaptation responses by
smallholder farmers. Sisay et al. [13] reported that farmers’ adaptation decisions were
mainly associated with their climate change perceptions as well as socio-economic factors
such as education level and farm experiences in the southern regions of Ethiopia. Adopting appropriate adaptation strategies reduce climate change impact and increase maize
yield [14]. Hence, identifying the most effective adaptation strategies and technologies in a
particular context is indispensable [15].
Previous studies in Ethiopia have revealed that farmers perceived climate change
and adopted adaptation strategies that were influenced by socio-economic factors. The
results of the studies also indicated that due to climate change-induced factors, crop
productivity was affected negatively. For instance, Daba [16] reported that farmers in the
western Oromia Zone in Ethiopia perceived the occurrence of climate change in terms
of increase in temperatures, decrease in the amount of rainfall, and occurrence of erratic
rainfall patterns as well as change in timing of rains. Tafesse et al. [17] also reported that
gender, age, education, family size, access to credit, access to climate information, and
extension services are the major factors influencing choices of climate change adaptation
strategies in eastern Ethiopia. The finding of Abera and Tesema [11] revealed that sample
respondents recognized the occurrence of climate change and its increasing adverse effects
on agricultural production.
The research conducted so far in Ethiopia as well as in the study region aiming to
assess farmers’ perception of climate change and adaptation strategies did not adequately
address the association of farmers’ perception of climate change with meteorological data
as well as factors affecting farmers perception of climate change and their adaptation
strategies. Therefore, this paper addresses all necessary information for policymakers to
design appropriate intervention strategies that fit the local condition suitable for curbing
future climate change impacts on maize production and productivity. Hence, it was
hypothesized that maize farmers perceive climate change and employ adaptation strategies
to reduce the impact of climate change and increase yields of the crop.
Therefore, the objective of this study was to assess smallholder maize farmers’ perception of climate change, their current adaptation options, and factors affecting the use of
adaptation options in eastern Ethiopia.
2. Material and Methods
2.1. Description of the Study Area
The research was conducted in the eastern highlands of Ethiopia which is located
between 8◦ 500 −9◦ 300 N latitude and 40◦ 380 −42◦ 200 E longitude (Figure 1). The altitude of
the study areas ranges between 1400 and 2460 meters above sea level. The rainfall pattern
of the region is bimodal. The long rainy season occurs from June to September and the
short rainy season occurs from February to May [18]. In the past thirty years, more than
fifty percent of the total rainfall in the districts has been received from June to September,
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with an average annual rainfall of 843 mm. The mean annual minimum and maximum
temperatures of the region are 13 ◦ C and 26 ◦ C, respectively (Table 1). The wide range of
the agro-climatic zone of the region is suitable to produce different crops including cereals,
pulses, oilseed, vegetables, fruits, and cash crops such as coffee (Coffee arabica L.), and khat
(Catha edulis Forsk) [19].

Figure 1. Map of the study area.
Table 1. The agro-ecological setting of the study districts in the eastern highlands of Ethiopia.
District
Major Feature
(◦ )

Latitude
Longitude (◦ )
Altitude (m a.s.l.)
Major agro-ecological zone
Climate database period
Mean annual minimum temperature (◦ C)
Mean annual maximum temperature (◦ C)
Average Belg season rainfall (mm)
Average Kiremit season rainfall (mm)
Average annual rainfall (mm)
Total number of households
Total population of the districts

Haramaya

Gursum

Chiro

9.4
42.8
1400–2340
Sub-humid
1988–2017
9.9
24
275
441
798
36,961
352,031

9.35
42.4
1200–2950
Semi-arid
1988–2017
12.7
25
333
400
827
28,140
233,077

9.07
40.8
1501–2500
Semi-arid
1988–2017
13.9
28
318
481
905
34,410
435,677

m a.s.l = meters above sea level. Source: East and West Hararghe Zone Agriculture Offices and National Meteorological Agency (2019).

2.2. Sampling Procedure and Sample Size
A multi-stage sampling method was employed for selecting the sample units for the
study. Three districts of the major maize crop growing areas from the East Hararghe Zone
(Haramaya and Gursum) and West Hararghe Zone (Chiro) were selected purposively
(Table 1). Then, two peasant associations (kebeles) were selected from each district. In
Ethiopia, kebele is the smallest administrative unit. The selected kebeles were Elalemi
and Muydin from Gursum district, Bachake and Tinikie from Haramaya district, and Yabdo
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Kobasa and Madicho number 3 from Chiro district, giving a total of six kebeles. The last
stage involved a random selection of farmers from each kebele. A total of 364 farmers
were drawn from a list comprising 4087 maize farmers as provided by the respective
kebele offices which formed the sampling size. The sample size was determined as per the
procedure described by [20]:
N
n=
1 + N ( e2 )
where, n = sample size; N = population size; and e = level of precision at 0.05. Then, the
sample size of each kebele was determined by dividing the total number of households
producing maize in the kebele by the total number of households producing maize in the
six kebeles and multiplying it by the sample size of the study area (Table 2).
Table 2. Distribution of sample households by peasant association.
District

Kebele

Household Size

Sample Size

Haramaya

Bachake
Tinike

436
583

39
52

Gursum

Elalem
Muydin
Yabdo Kobasa
Madicho No. 3

600
781
692
995

53
70
62
88

4087

364

Chiro
Total

Source: East and West Hararghe Zone Agriculture Offices (2019).

2.3. Data Collection Methods
A questionnaire was designed in line with the planned objectives. A well-validated
open and close-ended questionnaire was translated into the local Oromo language for easy
understanding during primary data collection. The questionnaire was pre-tested in each
study district before undertaking the survey. The questionnaire included diverse issues
that could provide an understanding of the demographic and socioeconomic attributes of
farm households, including the following topics: (1) farmers perceptions of climate change,
(2) perception on causes of climate change, (3) impact on maize production, (4) adaptation
options practiced to reduce the impact, (5) factors influencing their adaptation decisions
as well as their needs from governmental and non-governmental organizations to resolve
the barriers and hence to increase their adaptive capacity. In addition to administering the
household-level open-ended survey questionnaire, Key Informant Interviews (KIIs) and
Focus Group Discussions (FGDs) were used for data collection.
The questionnaire was administered with the help of development agents from the
local agriculture offices that had been trained before the data collection. Information was
provided for the head of the household on the overall objectives of the research and a
common understanding was reached with him/her for conducting a face-to-face interview.
Collection of the household data was undertaken from September to December 2019. A
total of six groups, two groups per district of farmers ranging in number from eight to
ten men and women were selected randomly for the focus group discussions. Several key
informant interviews were made with key district personnel as well as heads of kebeles to
cross-check the information obtained from the interview of the household heads. Secondary
data were gleaned from the literature, documentation centers, the office of statistics in the
respective kebeles and districts, and the national meteorological agency to consolidate the
information obtained during primary data collection and support the results of the study.
2.4. Analytical Methods
2.4.1. Descriptive Analysis
Descriptive statistics such as mean, frequency, percentage, and standard deviations
were used to visualize and analyze the data. Before analyzing the meteorological data,

Sustainability 2021, 13, 9622

5 of 21

quality control methods were employed. To fill the missing values following the Markov
chain model, INSTAT software version 3.37 was used [21]. The Tukey fence was used to
screen outliers greater or less than a threshold value and set to the limit corresponding to
±1.5 × IQR [22]. Four methods were applied to test the data for homogeneity, which are
Alexandersson’s Standard Normal Homogeneity Test (SNHT) [23], the Buishand range
test (BRT) [24], Pettitt test [25], and Von Neumann ratio (VNR) tests [26]. These tests were
performed under two hypotheses: H0 (null hypothesis), data are homogeneous; and Ha
(alternative hypothesis), there is a date at which there is a change in the data.
The time-series data were tested for randomness and independence using the autocorrelation function (r1 ) as described in [27],
r1 =

∑in=−11 ( xi − x )( xi+1 − x )
∑in=1 ( xi − x )

2

where xi is an observation, xi+1 is the following observation, x is the mean of the time
series, and n is the number of data. The autocorrelation coefficient value of r1 was tested
against the null hypothesis at a 95% confidence interval, using a two-tailed test:
p
−1 ± 1.96 (n − 2)
r1 =
n−1
Whenever significant correlation appeared in the data series, a pre-whitened approach was used following the procedure described by [28], which was obtained as:
( x2 − r1 x1 , x3 − r1 x2 , . . . , xn − r1 xn−1 ) where x1 , x2 , x3 . . . xn are data points of the series.
The outlier detection, homogenization, and autocorrelation were achieved using XLSTAT
statistical software. To assess the trend in rainfall data, the Mann–Kendall trend test was
applied [29,30]. The non-parametric method described by [31] was also used to estimate
the magnitude of trends in the data time series.
2.4.2. Econometric Analysis
Pearson’s correlations were calculated for the relationship among independent (explanatory) variables. The multinomial logit (MNL) model was applied to explore factors
affecting farmers’ perception of temperature and rainfall and the use of adaptation strategies by smallholder maize farmers to reduce the impact of climate change in the study
area. MNL is widely employed in climate change adaptation studies [2,32]. The question is
how changes in the elements of X effect, keeping other factors constant, and the response
probabilities, P(Y = j|x), j = 0. 1, 2 . . . J. P(Y = j|x) are known after determining the
probabilities for j = 2... J. Since the probabilities must sum to unity, Let × be a 1 × K vector
with the first element unity. Thus, the probability that a household i with a characteristic X
chooses an adaptation option j is specified following [33]:

exp xβ j
i
P(Yi = j| x ) = h
1 + ∑ j=1 exp( xβj)
where P stands for probability, j stands for adaptation options, x for explanatory variables
and βj = k × 1 is coefficients, j = 1, 2, . . . , M. The dependent variables included in the model
in this study were adaptation strategies used by maize farmers in the study area which was
obtained from the survey data collected. The variables included planting dates, changing
maize varieties, intercropping, recommended mineral fertilizer application, supplemental
irrigation, and soil and water conservations practices. The independent (explanatory)
variables were obtained from the survey data (Table 3).
However, the MNL model suffers from problems of independence and works under
the assumption of Independent Irrelevant Alternatives (IIA), which states that the ratio of
the probabilities of choosing any two alternatives is independent of the attributes of any
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other alternatives in the choice set. Hausman test [34] was used to test the validity of the
IIA assumption. Data were analyzed using STATA software [35].
Table 3. Description of explanatory variables used in the model.
Variable

Measurement

Age
Education level
Land size
Family size
Access to irrigation water
Access to extension services
Haramaya
Gursum
Chiro

Continuous (years)
Dummy 1 = Illiterate, 0 = otherwise
Continuous (hectare)
Continuous (number)
Dummy 1 = If there is access, 0 = otherwise
Dummy 1 = If there is access, 0 = otherwise
Dummy 1 if the district is Haramaya, 0 = otherwise
Dummy 1 if the district is Gursum, 0 = otherwise
Dummy 1 if the district is Chiro, 0 = otherwise

3. Results and Discussion
3.1. Demographic and Socioeconomic Characteristics
The results of farmers’ socio-economic and demographic characteristics show that
from the total 364 farm households interviewed in the districts, 94% were male-headed
whereas 6% were female-headed (Figure 2). This difference may be attributed to cultural
norms which give family leading roles to men and child care and house chores to women.
Consistent with this suggestion, [36] reported that agricultural activities are physically
demanding so that most communities consider these as inappropriate for women. The
data also indicated that about 94% of the farm households are married.

Figure 2. Characteristics of the farm households in the study districts of the eastern highlands of Ethiopia (N = 364).

Concerning educational level, the heads of 59% of the households were able to read
and write or had attended at least primary education, and a few of them had attended
secondary education and above. The average education levels of the farm households in
this study were found to be somewhat higher than that of the national average of 2017
which is 5% [37]. Perhaps it may be because the interviewed household heads in the study
area live near towns and may have access to educational institutions to upgrade their level
of education. Additionally, smallholder maize farmers may have a better understanding of
climate change and could implement adaptation strategies. Consistent with this suggestion,
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Amare and Simane [38] stated that education helps farmers to anticipate the consequences
of climate change and understand the potential benefits of adopting different strategies
to tackle the challenges. Almost all of the households (97%) owned land for cultivation
whereas the remaining households rented land from other farmers to produce maize. The
majority of the farm households used family labor and a few used both family and hired
labor particularly during peak seasons of work (planting, management, and harvesting). It
was found that only a few households whose family members were below the working-age
used hired labor.
On average, the age of the household heads in the study area was in the range of 29 to
72 years. The interviews were conducted with 59% of the farm households above the age of
40 years (Table 4). Regarding farming experience in the districts, farm households had more
than 20 years of experience. The farming experience of the household was mostly related
to age. This implies that the older the household head, the more reliable the information he
would provide on climate change and variability. Consistent with this suggestion, Montle
and Teweldemedhin [39] stated that the older the farmer, the more experienced and better
exposed he or she is to present and past climatic conditions. Additionally, Tadesse et al. [40]
reported a positive relationship between experience in agriculture and the adoption of
improved agricultural technologies.
Table 4. Characteristics (mean and standard deviation) of the farm households in the eastern
highlands of Ethiopia (N = 364).
Variable

Haramaya

Gursum

Chiro

Average

Age of farm household (years)
Farming experience (years)
Average family size (number)
Average land size (ha)

41.9 ± 11.2
22.8 ± 8.5
6.2 ± 1.4
0.3 ± 0.1

39.5 ± 10.6
21.89 ± 9.9
5.7 ± 1.8
0.3 ± 0.1

44.3 ± 11.0
23.3 ± 8.9
5.3 ± 1.4
0.5 ± 0.2

42.4 ± 11.1
22.7 ± 9.1
5.6 ± 1.6
0.4 ± 0.2

The average family size of the respondents ranged from two to ten persons per
household, with an average family size of six, which exceeds the average family size of the
country by about 31% [41]. This indicates there are many dependents in the family, and any
negative impact on agriculture might lead to food insecurity in the study area. Similarly,
a study by Belay and Manig [42] revealed that in eastern Ethiopia, the average family
dependency ratio was 1.52, i.e., more than one economically inactive person is supported
by each economically active person in the family. The average farm size of the studied
districts was 0.38 ha, which is much less than the national landholding size of 0.95 ha [43].
The small average landholding could be attributed to the rapidly increasing population
that leads to increasing demand for land by newly formed households, leading to land
fragmentation due to the need for redistribution of land among children. Consistent with
this suggestion, Shumetie and Alemayehu [44] stated that the West Hararghe Zones of the
Oromia Regional State is one of the most densely populated zones of the country and each
farmer owns a very small plot of land.
3.2. Farmers’ Perception of Climate Change and Its Causes
All sampled households in the study district perceived at least one aspect of temperature and rainfall change (Figure 3). The majority (78%) of the interviewed households
perceived increasing in temperature. However, 7% of the households perceived decrease in
temperature, and the remaining ones perceived no change.
A decrease in rainfall amount was also perceived by most maize farmers, whereas 10%
perceived no change, and the remaining 7% perceived an increasing trend in this variable.
Consistent with this suggestion, Jiri et al. [45] reported that more than 87% and 86% of
the respondents perceived increases in average temperature and decrease in precipitation
in the past 10–20 years in the Chiredzi district, Zimbabwe. Additionally, studies [13,46]
reported that most of the interviewed farmers perceived increasing temperatures and decreasing amounts of rainfall in southern Ethiopia. Asrat and Simane [47] also reported that
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more than 50% of the respondents perceived increase in temperature while 42% and 25%,
respectively, perceived no change and decreasing temperature. Regarding precipitation,
in northwestern Ethiopia, about 64% of the respondents indicated decrease in the rainfall
amount while 34% of them perceived increase in rainfall amount.

Figure 3. Farmers’ perception of temperature and rainfall change and variability in the Eastern Highlands of Ethiopia (N = 364).

In this study, most farmers perceived increasing rainfall variability in terms of lateonset and early cessation rainfall during the main growing season (Figure 3). During the
focus group discussion, farmers mentioned late-onset and early cessation of rainfall as
a major factor that affects decisions on planting as well as harvesting dates. Consistent
with this suggestion Bewket [48] reported that any change in the crop-growing period
is a challenge as it considerably affected farmers’ decisions on what and when to plant.
Similarly, [49,50] stated that late-onset, early cessation, and poor distribution of rainfall
affected crop production significantly in the western Amhara region and north-central
Ethiopia. Belay [32] also stated that during the main rainy season, in the Central Rift Valley
region of Ethiopia, some farms were left uncultivated due to late-onset and low amounts of
rainfall. Similarly, [44] reported that early cessation of rainfall was the most frequent type
of rainfall variability, even before the crop grain-filling stages in the West Hararghe Zone.
3.2.1. Farmers’ Perceptions of Climate Change and Meteorological Data
The majority of farmers in the study districts responded that there was decrease
in rainfall amounts and increase in the temperature in the last thirty years (Figure 3).
Meteorological data of rainfall in the main growing seasons showed a decreasing trend
which was not statistically significant except for February in Haramaya and Chiro districts.
Increasing trends were observed for maximum and minimum temperatures except for the
maximum temperature in Chiro. Hence, the analysis of the meteorological data confirmed
that the change in rainfall and temperature in the study districts showed decreasing and
increasing trends, respectively. However, the differences were non-significant. This may
be ascribed to farmers’ perception of the inter-annual variability of climate parameters as
climate change (Table 5 and Figure 4). Similarly, Amadou et al. [51] reported that farmers’
perception of climate change did not tally with the recorded climate data even though the
trend in the rainfall pattern during the last 50 years showed a remarkable decreasing trend.
The rainfall data were not significant due to the high inter-annual variability. Consistant
with this result, Esayas et al. [52] reported that farmers’ perception about rainfall in the
midland agro-ecological zone contradicted result of meteorological analysis.
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Figure 4. Mean annual minimum (Tmin) and maximum temperature (Tmax) trends of (A) Chiro (B)
Haramaya, and (C) Gursum districts in the eastern highlands of Ethiopia (1988–2017).
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Table 5. Sen’s slope values for monthly rainfall in the Belg and Kiremit seasons in eastern highlands of Ethiopia (1988–2017).
Month

Stations
Chiro
Gursum
Haramaya

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

0.00
0.00 *
−0.44 *

−1.84
−1.52
−1.46

−1.77
−1.28
−0.72

1.10
−0.12
1.47

0.40
−0.50
−0.20

−2.07
0.44
2.53

0.79
0.21
0.77

1.44
−0.46
1.15

* = significant at 5% probability level.

3.2.2. Factors Affecting Farmers’ Perception of Change in Temperature and Rainfall
The result of the multinomial logit regressions showed that age, educational level,
family size, and access to extension services were the main factors significantly influencing
farmers’ perception of temperature and rainfall in the study area (Table 6). Empirical studies
indicated that socio-economic and institutional variables influence farmers’ perceptions of
climate change. In line with this result, Agwu et al. [53] reported that age, education level,
and household size were the main factors significantly influencing farmers’ perception of
climate change and the cultivation of the Garcinia kola in Nigeria. Similarly, according to
Gbetibouo [54], education, age, and access to extension services were found to influence
significantly farmers’ perception of climate change in Limpopo River Basin.
Table 6. Results of the multinomial regression model of farmers’ perception of changes in temperature
and rainfall.
Variable
Sex
Age
Education level
Land size
Family size
Access to extension service
Access to irrigation water
Haramaya
Gursum
Chiro

Perceived Change in Temperature Perceived Change in Rainfall
0.024
0.005
−0.562 *
0.411
−0.183 *
0.541 *
0.296
0.359
−0.370
0.096

−0.911
0.103 ***
−0.868 **
0.076
−0.170
0.592 *
−0.477
−0.310
−0.113
0.373

*** Significant at 1% level; ** significant at 5% level; * significant at 10% level.

3.2.3. Source of Information on Climate Change and Variability
The majority of maize farmers were aware of climate change and variability from
their own experience (Table 7). As shown in Table 4 above, the sampled households in the
districts had an average farming experience of more than 20 years. This implies that the
farming experience may help to observe the change in their surrounding environment. In
line with this suggestion Belay et al. [32] showed that the majority of farmers perceived
climate change through their life experience and understanding followed by development
agents. Consistent with the results of this study, Tume et al. [55] also stated farmers
value their ability to accurately observe and anticipate local conditions in various ways
to serve existing realities more aptly than outside forecasts. Similarly, Singh [56] reported
that farmers use their indigenous knowledge to perceive changes in climate and design
adaptive farming practices.
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Table 7. Farmers’ response to the source of information on climate change in the eastern highlands of
Ethiopia (N = 364).
Source of Information

Frequency

Percentage

Own experience
Development agent
Fellow farmers
Media

271
237
136
129

74.4
65.1
37.4
23.9

3.2.4. Perception of Farmers on the Causes of Climate Change and Variability
Almost all (about 95.3%) of maize farmers blamed deforestation as a major contributor
to climate change and variability (Table 8). The remaining farmers blamed land-use change,
natural phenomena, burning of fossil fuels as contributors to climate change and variability.
A few other farmers attributed climate change and variability to the “Wrath of God”.
Table 8. Farmers’ perception of the causes of climate change and variability in the eastern highlands
of Ethiopia (N = 364).
Cause of Climate Change and Variability

Frequency

Percentage

Deforestation
Land-use change
Natural phenomenon
Burning of fossil fuel
Wrath of God

347
124
41
35
16

95.3
34.1
22.3
9.6
4.4

During the focus group discussion, the respondents stated that the shortage of farmland as a result of population pressure and lack of alternative energy sources were the
main motivating factors for deforestation. Consistent with the result of this study, Debela
et al. [57] reported that farmers blamed supernatural forces (45%), natural processes (33%),
and deforestation due to human action (16%) for the occurrence of climate change. In
line with this result, Yamba et al. [58] also identified deforestation as a key contributor to
climate change as a consequence of agricultural expansion caused by population pressure.
The results of this study have also revealed the farmers did not blame the use of farm
inputs such as applications of mineral fertilizer, farmyard manure, agrochemicals, burning
of crop residues, etc. as a contributor to increasing greenhouse gas in the atmosphere.
This may be attributed to the fact that perceiving climate change as a result of practicing
such agricultural activities, without providing empirical evidence, will not be easy for the
farmers. However, the evidence that farmers attribute climate change mainly to natural
phenomena such as the “Wrath of God” would justify providing them with awareness on
agricultural activities carried out to improve productivity.
3.3. Perceived Impact of Climate Change and Variability on Maize Production
3.3.1. Drought/Water Source Reduction
Drought was perceived to be one major impact of climate variability and change on
maize production by the majority of respondents in Gursum district, followed by those in
Chiro and Haramaya districts as the climatic condition of the study districts are different
(Table 9). Farmers also lamented the limitation of water as a result of unpredictable
weather caused by shortage or irregularity of rainfall and variability in temperature in
the area. In line with the results of this study, studies [59,60] have shown changes in
precipitation combined with rising temperatures adversely influenced the availability of
soil moisture and caused droughts. Corroborating this result, Wang et al. [61] also reported
that increasing frequency and intensity of drought had a negative influence on maize
production.
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Table 9. Farmers’ perceived impacts of climate change and variability on maize production in the eastern highlands of Ethiopia (N = 364).
Chiro

Climate Change Impact
Drought/water source reduction
Reduction in crop yield
Loss of soil fertility
Increased diseases and pests problem

Haramaya

Gursum

Frequency

(%)

Frequency

(%)

Frequency

(%)

38
49
85
113

30.9
32.8
63.3
75.3

47
29
52
79

51.7
31.9
34.7
86.8

87
58
75
95

70.7
43.9
60.9
77.2

3.3.2. Reduction in Crop Yield
It was noted that more than 40% of the farm households in Gursum district and
30% in Haramaya and Chiro districts acknowledged reductions in maize yields due to
climate change and variability (Table 9). The most perceptible climatic factors that affected
maize production in all study districts were increasing temperatures, insufficient and
erratic rainfall as well as variability in the date of onset and cessation of rainfall. When
temperatures climb above the optimum for maize, which is 18 to 32 ◦ C, vegetative and
reproductive growth of the plant is affected and yield can be reduced by as much as
80–90% [62]. Similarly, erratic rainfall, late-onset as well as an early cessation of rainfall
resulted in moisture stress and wilting in maize, thereby reducing its yield [63]. Consistent
with this result, Jiri et al. [45] indicated that 76% of the farmers believed that maize yields
declined due to reduction in rainfall amounts and the variability caused by drought and
high temperatures in Chiredzi district, Zimbabwe. Chhogyel et al. [64] reported that maize
yield suffered losses ranging from 10% to 20% as a result of unpredictable weather, less or
no rain, high-intensity rains, drying up of irrigation sources, and the emergence of diseases
and pests in Bhutan in the Himalayas. Consistent with the results of this study, Harvey
et al. [65] also stated 87% of smallholder maize farmers in Central America experienced
impacts of rising temperatures, unpredictable rainfall, and extreme weather events.
3.3.3. Loss of Soil Fertility
Loss of soil fertility was one of the impacts of climate change perceived by the smallholder maize farmers in the study area. The majority of the respondents in Chiro districts
perceived dwindling soil fertility followed by those in Gursum and Haramaya districts
(Table 9). During the focus group discussion, farmers mentioned that high rainfall intensity caused erosion of the fertile topsoil because the land is denuded of its vegetation
cover and farmers remove biomass from the land for competing ends such as construction
houses, source fuel for cooking, animal feed, etc. Farmers also implicated rising demand
for fertilizer as an indicator of dwindling soil fertility. To counter the negative impact of
climate change and increase maize production, the farmers have been applying mineral
and organic fertilizer and practicing intercropping (maize with legume especially common
bean). In line with this result, Hamidov et al. [66] reported that climate change increased
soil erosion rates due to increased frequency of high-intensity rainfall events that negatively
affected soil fertility. Additionally, Jackson et al. [67] stated that low soil fertility not only
decreased crop yield, but it also increased household vulnerability to food insecurity.
3.3.4. Disease and Pest Problems
It was noted that more than 80% of farm households in Haramaya district, followed
by those in Gursum and Chiro districts, perceived the impact of disease and pest problems
as a result of climate change and variability (Table 9). This may be ascribed to favorable
conditions created by the changes in rainfall and temperature for the proliferation of
diseases and pests. The most serious insect pest of notoriety mentioned by farmers was
the fall armyworm (Spodoptera frugiperda) that has threatened maize production in recent
years in the region. This result is supported by the finding of Naveenkumar et al. [68] that
revealed climate change affected the diversity and responsiveness of agricultural pests
and diseases and accounted for a significant proportion of maize yield losses worldwide.
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Consistent with this suggestion, Richard et al. [69] also noted that incidences of insect pests
(stem borer and armyworm) increased as a result of climate change and variability.
3.4. Adaptation Approach and Barriers to Adaptation
3.4.1. Adaptation Strategies Used by Smallholder Maize Farmers
The interviewed maize farmers, who perceived climate change in terms of increasing
temperature, reduced/change in rainfall characteristics, revealed they were using some
adaptation strategies to reduce the impact of climate change on maize production. The
study identified six major climate change adaptation strategies implemented by smallholder
maize farmers in the districts (Figure 5).

Figure 5. Adaptation strategies used by smallholder maize farmers in the Eastern highlands of Ethiopia (N = 364).

Changing Planting Date and Varieties
The majority of the farmers revealed that they changed planting dates in response to
early or late-onset dates of rainfall in the districts studied. This indicates maize farmers do
not plant at the same periods of the year. Instead, they plant the crop as soon as the rain
starts. This strategy is a response to the delay/early onset of the rains in recent times which
often led to changes in harvest time as well. The second adaptation strategy used in the
study area was the use of improved high-yielding maize varieties that are resistant to biotic
and abiotic stresses. Consistent with this observation, studies [13,32] showed that to reduce
the impacts of climate change and obtain high yields, changing planting dates and varieties
were practiced frequently by maize farmers in central and southern Ethiopia. The use of
improved maize varieties has increased in Ethiopia in general and in the eastern highlands
of the country, in particular, as a response to climate change. For instance, between 2004
and 2013, the maize area planted with improved varieties increased from 14% to 40% in
the country [70].
Intercropping
Intercropping is an adaptation strategy practiced by maize farmers in the study area.
Farmers intercrop maize mostly with common bean (Phaseolus Vulgaris L.), sweet potato
(Ipomoea batatas), and Khat (Catha edulis Forsk). During the focus group discussion and key
informant interviews, the farmers revealed that land shortage, income diversification/risk
reduction, and soil fertility improvement were the major reasons for intercropping. Intercropping with legumes can reduce the requirements for fossil-based nitrogen fertilizer by
about 26% on a global scale [71]. In agreement with this suggestion, Mohammed et al. [72]
indicated that in the East Hararghe Zone, farmers intercrop major cereal crops (maize, and
sorghum) with legumes, such as common beans (Phaseolus vulgaris). Similarly, Shumetie
and Alemayehu [44] also reported that households in the West Hararghe Zone cope with
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the problem of land shortage through intercropping. Similarly, Chichongue et al. [73] reported that intercropping maize with legume crops was adopted to maximize land use and
reduce the risk of crop failure. In this connection, Fung et al. [74] stated that intercropping
has been considered a sustainable practice that can reduce the impact of climate change in
agriculture.
Recommended Mineral Fertilizer Application
In the study area, more than 40% of farm households applied mineral fertilizers to
increase the yield of maize. However, according to the information obtained from the
agricultural development offices in the respective kebeles, most of the maize farmers use
less than half of the rate of fertilizer recommended for maize production in the area due to
lack of access, untimely supply as well as unaffordability of the fertilizers. However, the
application of organic fertilizer is limited, even if it has potential to reduce the demand
for mineral fertilizers which increase the concentration of greenhouse gases in the atmosphere. Similarly, Abate et al. [70] stated that the application of mineral fertilizer for maize
production increased while the use of organic fertilizer declined between 2004 and 2013.
Supplementary Irrigation and Soil and Water Conservation
The maize farmers mostly depended on rainfall for producing the crop and very few
used supplementary irrigation as an adaptation strategy. During the focus group discussion,
farmers indicated lack of access to irrigation water, dwindling irrigation water, as well
as the unaffordability of water motor pumps and fuel as barriers to using supplementary
irrigation for producing maize. Shortage of water is common in eastern Ethiopia in general
and the study districts in particular since there are few water bodies such as rivers, lakes,
ponds, etc. The only alternate source of water during the dry season is well water that
farmers may strike by digging into the ground.
The best option for enhancing the availability of water in the area for intense agricultural activities would have been harvesting rainwater, which is plenty during the main
rainy season. However, lack of know-how and technology prohibits this prospect of using rainwater for agricultural production in the area for year-round production of crops.
Consistent with this result, Ndhleve et al. [75] reported that low/no rain throughout the
season, delay or late onset of rainfall, and interruption in rainfall for a week or more
in a season resulted in 75%, 54%, and 50.5% losses in maize yield, respectively. Hence,
farmers described the use of supplementary irrigation as a top-ranking adaptation strategy.
Most of the maize farmers used soil and water conservation practices such as trenches,
contour planting, terraces, and stone dams. In line with this result, Abera and Tesema [11]
stated that soil and water conservation practices were the most adopted strategy in eastern
Ethiopia.
3.4.2. Factors Affecting Adaptation Strategies
Before running the Multinomial Logit Model, the data were tested for the presence of
multicollinearity in the data set. Among the variables hypothesized to influence adaptation
strategies in the study area, correlation coefficients, which do not suggest the incidence
of strong collinearity, were dropped from the model. According to Shrestha [76], if the
correlation coefficient is greater than 0.7, collinearity is very likely to exist. Hence, in this
study farming experience which has a lower correlation coefficient than age was dropped.
In addition, we have not considered sex as an independent variable because the number of
female-headed households was less than 10% (Section 3.1), which is not comparable for
analyses to allow conclusions on the farmers’ perceptions of climate change and adaptation
strategies.
The result of IIA assumptions using Hausman’s test failed to reject the null hypothesis
of independence. Therefore, the application of the MNL specification was appropriate to
model climate change adaptation practices. The model was run taking ‘no adaptation’ as
the base category in which the remaining outcomes were compared. The farmers indicated
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several barriers to implementing proper adaptation strategies such as age, low education
level, small farm size, family size, lack of access to credit, lack of access to irrigation water,
and lack of access to extension services (Table 10).
Age
The age of the household head affects adaptation strategies to climate change. In this
study, the age of the household head positively impacted all of the adaptation practices
used in the districts except recommended mineral fertilizer application. The negative
association of age with that of recommended mineral fertilizer application may be due
to the fact that aged household heads are reluctant to apply mineral fertilizer, instead,
preferring the application of organic or less than the recommended amounts (sub-optimal
level) of mineral fertilizers. Consistent with this result Erena and Gemechu [77], age
negatively affected mineral fertilizer application as a result of aged people’s hesitation
to apply mineral fertilizers in southeastern Ethiopia. Consistent with this suggestion,
Tazeze et al. [78] also reported that the higher the age of the household head, the better the
know-how the person possesses, which helped him/her to practice various adaptation
strategies to climate change. Corroborating this suggestion, Tume et al. [55] stated local
farmers’ ability to make informed decisions is largely governed by personal experiences
acquired over the years.
Table 10. Multinomial regression model result of adaptation strategies (N = 364).

Variables

Age
Education level
Farm size
Family size
Access to irr. Water
Access to ext. service
Haramaya
Gursum
Chiro

Adjusting
Planting Date

Changing
Maize Variety

InterCropping

Rec. Mineral
Fertilizer
Application

Supplemental
Irr.

Soil and Water
Conservation

Coeff.

Coeff.

Coeff.

Coeff.

Coeff.

Coeff.

0.027
−0.633
−0.181
−0.269 *
−1.595
0.691
−0.146
−0.033
0.149

0.010
−0.163
2.081 **
−0.064
0.626
4.172 ***
−0.354
−0.188
0.447 **

0.013
0.199
1.362 *
0.156 *
0.333
−1.107 ***
0.223
−0.736
0.575 **

−0.011
−0.271 *
0.964
0.093
0.026
3.010 ***
0.136
0.270
−0.360

0.008
0.105
−0.825
0.010
4.407 ***
−0.100
1.450 ***
−0.512
−1.013 **

0.013
0.066
−0.410
0.049
−0.196
0.049
0.562 **
−0.247
−0.184

Irr. = irrigation; ext. = extension; Rec. = Recommended; Coeff. = coefficient;*** Significant at 1% level; ** significant at 5% level; * significant
at 10% level.

Education Level
The result of the study indicated that the education level of the household head had a
negative association with adjusting planting date, changing maize variety for cultivation,
and fertilizer application in the study districts. Additionally, the negative relationship
is significant (p < 0.05) with recommended mineral fertilizer application. This could
be attributed to the fact that illiterate households are in the category older ages, who
prefer to apply organic sources of fertilizer than mineral fertilizer for maize production.
Those households mostly engaged in sustainable crop production practices with less
attention to immediate benefits. Consistent with this suggestions, Abebe and Debebe [79]
reported that illiterate households prefer to apply organic sources of fertilizers as compared
with educated households for crop production. In contrast, a positive association of
education level was obtained with intercropping, supplementary irrigation, and soil and
water conservation adaptation strategies. This indicated that the education level of farm
households plays a role in using diverse adaptation strategies as farmers can collect
information from different sources. In addition, negative associations may be due to
the fact that smallholder farmers’ farming experience plays a key role in climate change
perception which leads to adaptation strategies that have been stated (Table 6). Consistent
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with this suggestion, Jiri et al. [45] also stated that a farmer’s adaptation options could be
determined by their state of farming experience.
Farm Size
Farm size had a positive and significant (p < 0.01) and (p < 0.05) influence on maize
variety change and intercropping while it had a non-significant positive influence on the
recommended mineral fertilizer application by maize farmers in the study area. Farm size
is negatively correlated with planting date adjustment, supplementary irrigation, and soil
and water conservation. This indicates that farmers with large-sized farms have better
opportunities to plant more varieties of the crop whereas those with small-sized ones
have lower opportunities as they are limited by the sheer size of the land. However, other
adaptation practices that are not associated with farm size may require more labor to
adapt independently of land size, which is expensive and unaffordable to farmers with
large-sized farms. This suggestion is in agreement with the findings of [44] who stated
that a household that has relatively large-sized croplands may have a higher probability of
adopting improved maize varieties as a means of mitigating the negative effect of delayed
and inadequate rainfall. Consistent with this suggestion, Phillipo et al. [80] explained
that households with small landholdings were more likely to choose commonly used crop
varieties because of extra costs associated with acquiring new crop varieties.
Family Size
Family size had a positive influence on the use of intercropping, recommended mineral
fertilizer application, supplementary irrigation, and soil and water conservation. Thus a
larger family size can implement labor-intensive adaptation measures. In line with this
result, Silvestri et al. [81] argued that having a large family would enable households to
have more labor to carry out different farm activities. Similarly, [55,82] showed that a larger
family size enabled farmers to take up labor-intensive climate change adaptation measures
such as soil and water conservation and irrigation would that demand labor especially
during the peak periods of activities. In contrast, Tazeze et al. [78] argued households with
a large family size may be lured into diverting part of the labor force to off-farm activities
in an attempt to earn additional income and reduce the consumption pressure imposed by
a large family rather than adopting improved crop varieties and others.
Access to Irrigation Water
In this study, access to irrigation water was positively and significantly (p < 0.01)
associated with the use of supplementary irrigation by smallholder farmers in the area.
Access to irrigation water is beneficial to off-season maize production and to supplement
when rainfall is insufficient to provide essential soil moisture to secure a good harvest. A
household with access to irrigation water plants high yielding maize varieties and applies
fertilizer on time. Similarly, Arragaw and Woldeamlak [12] claimed that a shortage of
water for irrigation was the major barrier to effectively use different adaptation strategies,
including high-yielding crop varieties.
Access to Extension Services
Access to extension service had positive and significant associations with all adaptation practices except intercropping using supplementary irrigation however significant
with changing maize variety and recommended mineral fertilizer application (p < 0.01).
in the study area. This implies that information on weather helps to plant at the optimum time, selecting varieties that are suitable for the environment, deciding on what
type of fertilizer and when to apply it, etc. However, intercropping and soil and water
conservation being done in the study area as a common practice to diversify crops and to
reduce land degradation then soil fertility reduction, respectively. Similarly, a study by
Sorech [83] in selected rural kebeles of Chiro district, Hararghe, Ethiopia stated that lack of
timely and easily accessible information on the weather forecast and adaptation options
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were the major challenges. In line with this result, Ayalew [49] reported that information
related to forecasting climate change, adaptation options, and other agricultural production
activities is a vital factor influencing the use of different adaptation measures for most
farmers. Similarly, Vaughan and Hansen [84] also stated that meteorological information is
very important for farmers that depended on rain-fed agriculture to improve agricultural
productivity and increase income, thereby reducing the impacts of climate change and
minimizing risks.
Study Districts
Climate change adaptation practices such as changing maize variety, intercropping,
applying supplementary irrigation, and soil and water conservation significantly (p < 0.05)
varied across the study districts. In Haramaya district, smallholder maize farmers practiced
supplementary irrigation and soil and water conservation practices more significantly than
those in the other study districts. This may be attributed to the existence of water bodies
such as Haramaya Lake and Tinique Lake nearby, which enhances their accessibility to
irrigation water from both lakes as well as from groundwater. Research and community
services held by Haramaya University across the lake watershed may have also contributed
to the use of the above-mentioned climate change adaptation strategies. On the other hand,
Chiro, farmers practiced intercropping and changed maize variety more significantly
than the other study districts. This may be attributed to the proximity of the district to
central markets such as Adama and Addis Ababa. A significant negative association of
supplementary irrigation in Chiro also may indicate a lack of accessibility to irrigation
water in this district.
Access to Credit
In the study area, there is no credit service. Farmers revealed that high costs are the
major factors that hinder them from acquiring improved seed and fertilizer. As a result,
they apply sub-optimal rates of fertilizers which are far below the recommended rates.
Similarly, studies have shown that access to credit increases the likelihood of adaptation.
Consistent with this suggestion, the studies in [42,65] also stated access to credit service is
an important factor to narrow the financial gaps of farmers so that they could purchase the
required farm inputs and technologies useful for improving agricultural production and
reduce climate change impact.
During the focus group discussion, farmers showed interest in employing most of
the adaptation options; however, supports from governmental and non-governmental
organizations in terms of availing the required amounts and types of farm input, credit
services, and technical supports are minimal.
4. Conclusions
The results of the study showed that farmers perceived increase in temperature and
rainfall variability and decrease in the amounts of rainfall. The highest percentages of
the farmers were aware of climate change and variability from their own experience and
blamed deforestation as a major cause. Farmers identified decreasing yields, dwindling soil
fertility, increased incidences of pests and disease, and drought as major constraints they
face in producing maize. Hence, changing planting dates, increasing the use of abiotic and
biotic stress-tolerant maize varieties, supplementary irrigation, intercropping, applying
recommended rates of mineral fertilizers, and taking soil and water conservation measures
helped them adapt to climate change. The major factors which influenced farmers’ climate
change perception and adaptation practices included age, education level, farm size, family
size, access to water for irrigation, and access to extension service.
The results of the study imply that farmers have become aware of climate change
and its consequences as a result of which they have been attempting to counter its effects
and maintain the productivity of maize through adopting various strategies. However,
socio-economic barriers are limiting their efforts. Therefore, to enhance smallholder maize
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farmers’ adaptive capacity and build resilience to climate change in the eastern highlands of
Ethiopia, agricultural policymakers should focus on putting in place enabling policies. Both
governmental and non-governmental organizations should support farmers by building
their capacity and enhancing their access to irrigation water, particularly through climatesmart water harvesting technologies, improved maize varieties that adapt to the changing
climate and local conditions, information on weather forecasts, and inputs such as fertilizers,
and agro-chemicals. Future research in the study area should focus on developing droughttolerant high-yielding maize varieties, optimizing rainwater harvesting systems to enhance
small-scale irrigation, and formulating site-specific sustainable fertilizer (organic and
mineral) and irrigation rates to optimize yields of various maize varieties under smallholder
farming conditions.
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